This paper is aimed at giving an overview of the global properties of the rich cluster of galaxies ABCG 209. This is achieved by complementing the already available data with new medium resolution spectroscopy and NIR photometry which allow us to i) analyse in detail the cluster dynamics, distinguishing among galaxies belonging to different substructures and deriving their individual velocity distributions, using a total sample of 148 galaxies in the cluster region, of which 134 belonging to the cluster; ii) derive the cluster NIR luminosity function; iii) study the Kormendy relation and the photometric plane of cluster early-type galaxies (ETGs). Finally we provide an extensive photometric (optical and NIR) and spectroscopic dataset for such a complex system to be used in further analyses investigating the nature, formation and evolution of rich clusters of galaxies.
INTRODUCTION
Galaxy clusters are complex systems involving a variety of interacting components: galaxies, hot and cold gas, dark matter. Among them, about 50% are unrelaxed systems (Smith et al. 2005 ) and a large fraction contain substructures (e.g., Girardi et al. 2006 and references therein), suggesting that they are evolving via merging processes from poor groups to rich structures. In fact, in hierarchical clustering cosmological scenarios, galaxy clusters form from the accretion of subunits. Numerical simulations show that clusters form preferentially through the anisotropic accretion of subclusters along filaments (e.g., Colberg et al. 1999 , Diaferio et al. 2001 ).
Detailed multi-band studies of such systems are crucial to probe structure formation scenarios as well as to investigate galaxy evolution processes. ABCG 209 is an ideal target for such a study, since it is a rich (richness class R = 3; Abell et al. 1989 ), X-ray luminous (L X (0.1-2.4 keV) ∼ 2.7 × 10 45 h mass aligned on the main SE-NW axis of the cluster (see Figs. 6 and 7 of Paulin-Henriksson et al. 2007) . Such an effect is seen for the more extreme "Bullet cluster" (Clowe et al. 2004) , and seems to reflect the different responses of the gas and dark matter components to the merger, in agreement with the merging scenario for ABCG 209.
The above results show that it is crucial to relate the properties of member galaxies to the global properties of clusters, such as mass and dynamical state. The spatial and kinematical analysis of member galaxies allows to detect and measure the amount of substructure and to identify and analyse possible pre-merging clumps or merger remnants. In addition, subclustering is important for processes of galaxy evolution. In fact, although the high galaxy velocity dispersion associated with a relaxed, virialized clusters inhibits galaxy mergers, in subclusters, where the velocity dispersions are lower, such mergers are more probable and could have an important role in building elliptical galaxies (see Moss 2006) .
Identifying substructures is difficult with galaxy positions alone, since projected distribution of galaxy clusters could show clumps that are not real. The optical spectroscopy of member galaxies is the most reliable tool to investigate these clumps and allows us to study the dynamics of cluster mergers, since it provides direct information on the velocity field.
However, this is often an arduous investigation due to the limited number of galaxies usually available to trace the velocity field.
In order to achieve the resolution needed to understand the complex dynamics of ABCG 209
and to investigate the environmental effects on galaxy evolution, we complement the previously described dataset with medium resolution spectra analysing a total sample of 148 galaxies in the cluster region. The enlarged data sets allow us to better distinguish among galaxies belonging to different substructures and to derive their individual velocity distributions. A detailed study of substructures is also important to investigate the reason for the discrepancy between lensing and dynamical mass estimates. We also present new K-band observations, that allow us to derive the cluster NIR luminosity function (LF) and are directly related to the galaxy mass function. Additionally, at infrared wavelengths the galaxy luminosities do not depend strongly on the details of their stellar populations (Gavazzi, Pierini, & Boselli 1996 ).
In this paper we provide the spectroscopic catalogue of the new targets and a photometric catalogue with measured photometric redshifts, B-, V -, R-and K-band total magnitudes and spectroscopic redshifts when available. We also derive structural parameters of cluster galaxies, selected according to the photometric and spectroscopic redshifts; and we
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investigate the photometric correlations of ETGs, such as the mean surface brightness-size relation, also known as the kormendy relation (KR; Kormendy 1977 ) and the Photometric Plane (PHP; La Barbera et al. 2005 ).
The paper is organised as follows. We present the new data in Sect. 2 and we derive photometric and spectroscopic redshifts in Sect. 3 where the catalogue of the cluster members is also described. We analyse the global cluster properties in Sect. 4 and the internal dynamics and substructures in Sect. 5. We describe the derivation of structural properties of ETGs in Sect. 6, deriving also the KR and the PHP. Finally we discuss and summarise our results in Sect. 7.
Unless otherwise stated, we give errors at the 68% confidence level (hereafter c.l.).
Throughout the paper, we assume a flat cosmology with Ω m = 0.3, Ω Λ = 0.7, and H 0 =70 km s −1 Mpc −1 . For this cosmological model, 1 ′ corresponds to 271 kpc at the cluster redshift.
OBSERVATIONS AND DATA REDUCTION
Spectroscopic observations were carried out at the ESO New Technology Telescope (NTT) with the ESO Multi Mode Instrument (EMMI) and at the Telescopio Nazionale Galileo (TNG) with the Device Optimized for the LOw RESolution (DOLORES), while NIR photometric data were collected with the Son OF ISAAC (SOFI) at NTT.
Photometry
New K-band images for the cluster of galaxies ABCG 209 were collected with SOFI operating in the LARGE FIELD observing mode, providing a field of view of 5 ′ × 5 ′ with a pixel scale of 0.288 ′′ /pxl. Eight overlapping fields were observed, each of them with a dithered sequence of 36 exposures. We adopted a 20 ′′ dithering box, with DIT and NDIT values of 6 s and 10, respectively. This resulted in an integration time of 60s for each exposure, and a total integration time of 2160s for each field. Sky conditions were photometric during five out of six observing nights. During those nights we observed standard stars from the list of Persson et al. (1998) , at five different positions on the chip.
The data were reduced using fortran routines developed by the authors. For each dithering sequence, the exposures were dark subtracted and flat-field corrected, using a superflat frame obtained by median combining all the images taken during a given night.
After this procedure, the magnitudes of the standard stars showed a rms variation across the chip of ∼ 0.05 mag. To achieve a better accuracy, we retrieved K-band images from the ESO archive for a standard star observed at different positions in a 5 × 5 grid on the SOFI frame. We chose standard star observations as close as possible in time to those of ABCG 209. Illumination correction frames were then obtained for each night by measuring the magnitude of the standard star as a function of the position on the frame. This allowed the low spatial frequency component of the flat-field to be corrected to better than 1%. Since sky subtraction is a very troublesome step for the reduction of NIR data, particularly in high density regions, this point was carefully dealt with by a two step procedure. First, each exposure was sky subtracted by computing the sky frame from the median of the six closest frames along the sequence. The images were then registered with integer shifts and combined using a sigma clipping algorithm for cosmic ray rejection. This procedure alone overestimates the sky level in the extended halos of galaxies. To minimise this effect, we reiterated the sky subtraction as follows. The initial combined images were used to obtain mask frames for the sources in the field, by running SExtractor with the checkimage OBJECTS option.
For each sequence, the mask was expanded in order to 'cover' the galaxy halos and was de-registered to each dithered exposure. The hot and bad pixels were also masked. The sky frames were estimated as the average of the six closest frames to the exposures from that sequence, rejecting masked pixels. The exposures of each dithering sequence were then sky subtracted and combined with the iraf 1 task imcombine. The images of the different fields were combined by taking into account their different zero-points, resulting in a final K-band mosaic with an average seeing FWHM of ∼ 0.8 ′′ . The mosaic is shown in Fig. 1 .
The photometric calibration was performed for the K s standard filter (Persson et al. 1998) , deriving the instrumental magnitudes of the standard stars within an aperture of 8 ′′ diameter. The airmass correction was performed by using an extinction coefficient A K = 0.05 mag/airmass, which was derived by comparing the magnitudes of bright objects in the field for different airmasses. The typical accuracy on the zero-point of each photometric night amounts to ∼ 0.01 mag. The images of the different fields were normalised to the average zero-point value of 22.425 (scaled to 1 s exposure time). Contours are obtained from the projected number density map of K < 17.5 mag galaxies. The contour density values are equally spaced by 1.27 galaxies arcmin −2 , with the outermost and innermost contours corresponding to surface density values of 1.4 galaxies arcmin −2 and 9 galaxies arcmin −2 , respectively. The mosaic covers an area of ∼ 0.0525 square degrees, corresponding to ∼ 1.39 h −2
70 Mpc 2 at z=0.209.
Spectroscopy
The spectroscopic data were obtained with the multi-object spectroscopy (MOS) mode.
Targets were selected according to the B-R vs. R colour-magnitude relation (CM). We gave priority to the galaxies lying on the CM relation up to R=20.0 mag. We acquired one mask with EMMI (field of view 5 ′ × 8.6 ′ ), centred on α J2000 =01:31:53.0, δ J2000 =- Each scientific exposure (as well as flat fields and calibration lamps) was bias subtracted.
The individual spectra were extracted and flat field corrected. Cosmic rays were rejected in two steps. First, we removed the cosmic rays lying close to the objects by interpolation between adjacent pixels, then we combined the different exposures by using the iraf task imcombine with the algorithm crreject (the positions of the objects in different exposures were checked before). Wavelength calibration was obtained using He-Ar and He lamp spectra for EMMI and DOLORES, respectively. The typical rms scatter around the dispersion relation was ∼ 8 km s −1 and 11 km s −1 for EMMI and DOLORES respectively.
The positions of the objects in the slits were defined interactively using the iraf package apextract. The exact object position within the slit was traced in the dispersion direction and fitted with a low order polynomial to allow for atmospheric refraction. The spectra were then sky subtracted and the rows containing the object were averaged to produce the one-dimensional spectra. The signal-to-noise ratio per pixel of the one-dimensional galaxy spectra belonging to the cluster ranges from about 6 to 18 in the region around the Mg line (at 625 nm in the spectra at z∼0.2) for EMMI spectra and from about 8 to 27 for the spectra obtained with DOLORES.
REDSHIFT MEASUREMENTS

Spectroscopic redshifts
Redshifts were derived using the cross-correlation technique (Tonry & Davis 1981) , as implemented in the rvsao package. We adopted galaxy spectral templates from Kennicutt (1992) , corresponding to morphological types E, S0, Sa, Sb, Sc and Ir. The correlation was computed in the Fourier domain. We define the redshift as the value given by the best template spectra, i.e. the template producing the highest value of the correlation R −value given by rvsao that gives an indication of the signal-to-noise of the correlation peak.
Of the 61 observed spectra, 44 turned out to be at the redshift of ABCG 209, 1 is a foreground galaxy and 6 are background galaxies. In 10 cases we could not determine the redshift. In Table 1 we report spectroscopic redshift measurements of the observed galaxies.
In order to estimate the uncertainties in the redshift measurements, we considered the error calculated with the cross-correlation technique, which is based on the width of the peak and on the amplitude of the antisymmetric noise from the cross correlation (cf. manual of the xcsao task). The wavelength calibration errors (see Sect.2.1) turned out to be negligible in this respect. The errors derived from the cross-correlation could however be smaller than the true errors (e.g. Boschin et al. 2006 and references therein). We checked the error estimates by comparing redshifts computed for 17 galaxies observed with EMMI and 5 with DOLORES which were already acquired in a previous observation carried out with EMMI ). The two data sets agree with a one-to-one relation, and a reasonable value of χ 2 for the fit, in particular for the spectra acquired with DOLORES, was obtained when the errors derived from the cross-correlation were multiplied by a correction factor ∼1.5. A similar correction was obtained by Malumuth et al. (1992; 1.6 
Photometric redshifts
The redshifts of galaxies without spectroscopic information were estimated by means of the photometric redshift technique, using a similar approach to that described in Busarello et al. (2002) and La Barbera et al. (2003c) . Photometric redshifts were estimated according to the Spectral Energy Distribution fitting method (see Massarotti et al. 2001a,b , and references therein), using the new K-band photometry, as well as the already published B-, V -, and R-band photometry of ABCG 209. The B-and R-band data, described in Haines et al. 2004, are available on the entire field covered by the new K-band photometry, while the V -band imaging (see Mercurio et al. 2003b ) covers a smaller region of ∼ 160 arcmin 2 centred around the cluster core. Photometry of sources in the K-band mosaic are obtained by means of
SExtractor (Bertin & Arnouts 1996) , as detailed in Sec. 4.1.1. Galaxy colours were measured within an aperture of 5 ′′ diameter. Since all the BV RK images have similar seeing FWHM values (0.7 ′′ − 0.9 ′′ ), no aperture corrections were applied to galaxy colours.
Photometric redshifts were measured for the 642 galaxies, with available photometry in B, R, and K bands, brighter than R = 21 mag: the magnitude limit for spectroscopic observation. We looked for redshifts in the range z ∈ [0.0, 1.0] with a step of 0.01, imposing that at a given redshift galaxy templates would be younger than the age of the universe in the adopted cosmology. We used the GISSEL03 spectral code (Bruzual & Charlot 2003) to produce galaxy templates with a Scalo IMF and an exponential SFR, e −t/τ . The colours of E/S0, Sa/Sb, and Sc/Sd spectra were modelled by choosing τ = 1, 4 and 15 Gyr, respectively, while early-type galaxies with different metallicities were described by using E/S0 models with Z/Z ⊙ =0.2, 0.4, 1 and 2.5. The differential dust extinction of the Milky Way was included in the computation of model colours by adopting the extinction curve of Cardelli, Clayton and Mathis (1989) and a colour excess of E(B − V) = 0.019 (Schlegel, Finkbeiner and Davis 1998) . The uncertainty on the photometric redshift, δz, was estimated by performing numerical simulations, shifting galaxy colours according to their corresponding uncertainties, and recomputing each time the photometric redshifts.
We compared photometric and spectroscopic redshifts for N = 134 galaxies in the cluster field. We found that galaxies with large relative uncertainties on photometric redshifts were biased toward higher redshift values. In order to reduce this systematic effect, we removed from the sample those galaxies with a value of δz/1 + z larger than 0.07. This selection leads to a sample of 399 (out of 642) galaxies with reliable photometric redshift estimates (see Figure 2 . Distribution of photometric redshifts for galaxies with a relative uncertainty on photometric redshifts smaller than 0.07. The dashed lines mark the redshift range that defines likely cluster members. Table 2 ). As shown in Fig. 2 , the distribution of these photometric redshifts is dominated by the peak around z ∼ 0.2, indicating that most galaxies with R 21 in the K-band field are actually cluster members. After comparison with spectroscopic redshifts, we chose to mark as likely cluster members those galaxies in the photometric redshift range of 0.14 to 0.26. This selection leads to a sample of 292 (out of 399) galaxies which are likely cluster members.
Catalogues
The new spectroscopic catalogue is presented in Table 1 , which contains the sky coordinates α (Col. 1) and δ (Col. 2), and the spectroscopic redshift (Col. 3).
The catalogue of galaxies with reliable photometric redshifts ( δz/1 + z < 0.07) is presented in Table 2 , available in electronic format, which includes the identification number of each galaxy, ID (Col. 1), right ascension and declination (J2000), α and δ (Cols. 2 and 3), 
GLOBAL CLUSTER PROPERTIES
4.1 NIR luminosity function of cluster galaxies
K-band Magnitudes and Completeness
To perform source detection, we ran SExtractor (Bertin & Arnouts 1996) on the K-band mosaic of ABCG 209, obtaining a K-band catalogue with a total of 2628 objects. For each source, we measured aperture magnitudes within a 5 ′′ diameter aperture, and Kron magnitudes within an aperture of diameter α · r K , where r K is the Kron radius (Kron 1980).
We chose α = 2.2, for which the Kron magnitude is expected to enclose 92% of the total flux, and we computed the total magnitude, K, by subtracting 0.08 mag from the Kron magnitudes.
As shown in Fig. 3 (left panel), objects were classified as stars and galaxies according to the distribution of sources in the SI versus Kron magnitude diagram, where SI is the stellarity index parameter of SExtractor. We classified as stars those objects whose SI value is larger than a given threshold, SI min . The value of SI min was chosen by adding simulated stars and galaxies to the K-band mosaic, and measuring their SI and m K parameters by means of SExtractor, in the same way as for real sources. Simulated stars and galaxies were randomly generated in a magnitude range of K = 14 mag to K = 21 mag. In order to create the simulated images, we modelled real sources in the K-band mosaic as the sum of three two-dimensional Moffat functions. The Moffat models were scaled according to the magnitude of simulated objects and added randomly to the K-band mosaic. In the case of stars, the modelling was performed by fitting non-saturated sources with K < 16 mag and SI > 0.9. For galaxies, we fitted objects with SI < 0.2, in a magnitude range of K min to K max . We chose K min = 17 mag and K max = 18.5 mag, and we also varied the values of K min and K max in order to test the robustness of our completeness estimates (see below) with respect to these parameters. Fig. 3 shows the distribution of simulated objects in the SI versus K diagram. At magnitudes brighter than K ∼ 17.5 mag, stars and galaxies are clearly well separated, with this separation disappearing at fainter magnitudes. In fact, for K ∼ > 17.5 mag, simulated stars have a stellarity index ∼ > 0.4, while almost all simulated galaxies have SI ∼ < 0.8. In order to minimise the fraction of misclassified stars and galaxies, we adopted As one would expect, the stellar catalogue is characterised by a higher completeness at a given magnitude, being more than 90% complete down to K ∼ 19.8 mag. The figure also
shows that the galaxy completeness function does not depend significantly on the magnitude range of the sources used to create simulated galaxies. In fact, changing the values of K min and K max , as shown in the figure, we found that the completeness estimates do not change significantly.
K-band Luminosity function
The K-band LF of ABCG 209 was derived in a square region of 4.7 arcmin side size around the cluster center, by computing number counts of galaxies brighter than K = 19.5 mag.
Using the simulation results discussed in Sec. 4.1.1, we corrected number counts for (i)
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(ii) contamination from misclassified stars and galaxies, dividing number counts by the expected fraction of misclassified galaxies and subtracting the expected number of misclassified stars in each magnitude bin. Number counts were then corrected for background/foreground galaxies, by using field galaxy counts from the Calar Alto Deep Imaging Survey (CADIS, 
Dynamical properties
In a previous paper we investigated the dynamical status of the galaxy cluster ABCG 209, analysing a sample of 119 spectra with 8Å resolution and selecting 112 galaxies belonging to the cluster ). Hereafter we will refer to this sample as the "old sample".
Among the old sample, 22 galaxies were observed again at higher resolution within the two masks together with 29 new galaxies. Combining the old and new redshifts we obtained a total sample of 148 galaxies. In Table 1 we report spectroscopic redshift measurements of the new observed galaxies.
Member selection
In order to select cluster members, we analysed the velocity distribution by applying the one-dimensional adaptive kernel technique (Pisani 1993 , as implemented by Fadda et al. 1996 and Girardi et al. 1996) . This procedure confirms the existence of a single peak at z ∼ 0.209, consisting of 134 cluster members. Moreover, this procedure indicates two other Figure 5 . CFHT R-band image of ABCG 209 (North at top and East to left). Galaxies belonging to the cluster are marked with crosses, galaxies at z ∼ 0.257 with circles, galaxies at z ∼ 0.392 with squares and the remaining isolated galaxies with diamonds.
possible structures at higher redshifts, one at z ∼ 0.257 with 6 candidate members, and another at z ∼ 0.392 with 4 candidate members. The remaining 4 galaxies are considered field galaxies. Although the structure at z ∼ 0.257 has a high significance (96.6%), the low number of galaxies prevents us from assessing the existence of a background cluster. In Fig. 5 we show the 134 cluster members as crosses, the 6 galaxies at z ∼ 0.257 as circles and the 4 galaxies at z ∼ 0.392 as squares. Figure 6 shows the redshift distribution of the 148 observed galaxies. The mean redshift of the cluster as derived by the biweight estimator (Beers et al. 1990 ) is < z >= 0.2090 ± 0.0004.
We further explored the possibility of contamination by interlopers by applying the "shifting gapper" algorithm of Fadda et al. (1996) . This procedure rejects galaxies that are too far in velocity-space from the main body of cluster galaxies within a fixed radial bin, shifting along the distance from the cluster centre. Following the prescriptions of we used a gap of 1000 km s −1 and a bin of 0.6 h −1
70 Mpc, or large enough to include at least 15 galaxies. In this case eight galaxies were rejected (cf. crosses in Fig. 7) . 
Velocity dispersion
We estimated the line-of-sight velocity dispersion (LOSVD), σ v , using the biweight estimator (rostat package; Beers et al. 1990 ). After applying the relativistic correction and the usual correction for velocity errors (Danese et al. 1980) , considering only the 126 galaxies selected by the "shifting gapper" method, we obtained σ v = 1268 +93 −84 km s −1 , where errors were estimated with the bootstrap method. If we consider all the 134 galaxies we obtain σ v = 1390
km s −1 . This value is slightly larger, but fully consistent with the value computed excluding the galaxies identified as outliers by the "shifting gapper" method.
Velocity anisotropies in the galaxy distribution can create problems in determining the LOSVD. For this reason we plot in Fig. 8 the cluster velocity (upper panel) and the velocity dispersion (lower panel) vs. projected clustercentric distance. This shows that the σ v , computed by including larger and larger regions, decreases in the central cluster regions, but flattens out in the external regions, suggesting that the value of the LOSVD is no longer affected by velocity anisotropies. The rejection of the eight galaxies due to the application of the shifting gapper (cf. crosses in Fig. 7 ) leads only to a small variation in the estimate of σ v and in the velocity dispersion profile (see dot-dashed line in Fig. 8 ) so we confirm our first result of Mercurio et al. (2003a) that the high value of velocity dispersion is connected to the strong dynamical evolution of the cluster. In fact, this large value is already reached at a radius of 0.4-0.5 h
−1
70 Mpc, where the contamination of interlopers is expected to be negligible.
Velocity dispersion of red sequence galaxies
In order to further investigate the possible enhancement of the velocity dispersion due to projection effects from infalling galaxies in the centre of the cluster we obtain the velocity dispersion profile considering only galaxies lying on the Colour-Magnitude relation (CMR).
We obtained the CMR by fitting the photometric data of the spectroscopically confirmed cluster members and those galaxies with photometric redshift in the range 0.14 − 0.26 (see Sect. 3.2) with a biweight algorithm (Beers et al. 1990) , obtaining:
By using Eq. 1, we defined as sequence galaxies the sources lying in the region inside the curves: Figure 8 . Integrated mean redshift and LOSVD profiles for the 134 galaxies (upper and lower panel, respectively) at a given projected distance from the cluster centre, estimated by considering all the galaxies within this radius. The error bars at the 68% c.l. are shown. In the lower panel, solid and dot-dashed lines give the profile after and before the rejection of eight possible interlopers according to the "shifting gapper" method, respectively. The horizontal lines represent X-ray temperature with the respective errors transformed in σv imposing βspec = 1, where βspec = σ 2 v /(kT /µmp), with µ the mean molecular weight and mp the proton mass.
where we take into account the uncertainty at 2σ both on the R (σ R ) and on the K magnitude ( σ K ) as well as the intrinsic dispersion of the CMR (e.g., Merluzzi et al. 2002 Merluzzi et al. , 2003 .
We select 96 spectroscopically confirmed member galaxies lying on the CMR (filled circles in Fig. 9 ), obtaining a LOSVD for the red sequence galaxies of σ v,CMR = 1232 +94 −92 km s −1 . By selecting galaxies on the CMR, we expect to include only early-type galaxies and to minimise the effect of infalling late type galaxies on the line-of-sight velocity dispersion. However the measured value of the LOSVD and the velocity profile shown in Fig. 10 are fully consistent with those obtained considering all the sample (see dashed line in Fig. 10 ). . Integrated LOS velocity dispersion profile for the 96 galaxies at a given projected distance from the cluster centre, estimated by considering all the galaxies within this radius. The error bars at the 68% c.l. are shown. Solid and dashed lines give the profile considering only red sequence galaxies and all the cluster member galaxies after the rejection of eight possible interlopers according to the "shifting gapper" method, respectively. The horizontal lines represent X-ray temperature with the respective errors transformed in σv imposing βspec = 1, where βspec = σ 2 v /(kT /µmp), with µ the mean molecular weight and mp the proton mass.
Virial radius and mass
Assuming that galaxies are in dynamical equilibrium with the cluster potential we can determine the cluster mass from the knowledge of positions and velocities of the member galaxies by applying the virial theorem. Since the application of the virial theorem is meaningful only when the system is in dynamical equilibrium within the considered region, a natural choice is to compute the cluster mass, M vir , inside the radius of virialization, R vir , within which the cluster can be considered to be not far from dynamical equilibrium. 
where v is the galaxy velocity referred to the cluster mean velocity, r ij is the distance between any pair of galaxies, σ is the global velocity dispersion.
Assuming that the cluster is spherical, non-rotating system, we can use the projected velocity dispersion σ v and the projected virial radius, R P V . Therefore, Eq. 2 becomes:
In this formula R P V is the projected radius, equal to twice the (projected) harmonic radius:
where R −1 ij is the projected distance between two galaxies and N is the number of observed galaxies. The value of R P V depends on size of the sampled region, and on the quality of the sampling. In particular, it increases with the cluster aperture A within which it is estimated.
In our data the cluster is sampled out to a radius of R ∼ 1.5h
70 Mpc or ∼ 0.6R 178 , but we uniformly sample the region R max ∼ 1.0h −1 70 Mpc or ∼ 0.4R 178 . If we consider only the region of the cluster that is well sampled, we obtain R P V = (0.73 ± 0.05)h −1 70 Mpc (the error is obtained through the jackknife method) within A = R max . Although the cluster is not sampled out to R 178 , we can estimate R P V at A = R 178 theoretically from the knowledge of the parameters α and R C of the King-like distribution. We can use Eq. 13 of Girardi et al. (1998) . In this case R P V = 1.48h
When the system is not entirely included in the observational sample, the usual form of the virial theorem 2T + V = 0 should be replaced by 2T + V = 3PV, where 3PV is the surface pressure term (e.g., The & White 1986 ). Therefore, a surface pressure term C should be applied to the mass estimate:
The value of the surface pressure term correction C can be obtained by analysing the velocity dispersion profile, but this procedure requires several hundreds of member galaxies.
Combining data of many clusters, Girardi & Mezzetti (2001) obtained that velocities are isotropic and that the correction at R ∼ R vir is C = 0.2M V (e.g. Carlberg et al. 1997 , Girardi et al. 1998 . Then, following this approach we can estimate the mass of the system inside the collapsed region, assuming a value of 20% for the surface pressure term correction.
This leads to a value of total mass M c (< R 178 ) = 2.12 
DYNAMICAL ANALYSIS
Velocity distribution
In order to perform a robust description of the velocity distribution and to detect possible subclumps we applied the 1D KMM algorithm (Ashman et al. 1994) to the 126 galaxy sample, selected by the "shifting gapper" method, and to the original sample of the 134 galaxies. The KMM algorithm fits a user-specified number of Gaussian distributions to a dataset and assesses the improvement of that fit over a single Gaussian. In addition, it provides the maximum-likelihood estimate of the unknown n-mode Gaussians and an assignment of objects into groups. The KMM algorithm is most appropriate in situations where theoretical and/or empirical arguments indicate that a Gaussian model is valid, as in the case of the cluster velocity distributions, where gravitational interactions drive the system toward a relaxed configuration with a Gaussian velocity distribution, but one of the major uncertainties of this method is the optimal choice of the number of groups for the partition.
For this reason, we first investigate the presence of gaps in the velocity distribution using the rostat package (Beers et al. 1990 ), which has the advantage of not requiring any a priori assumption for the shape of the distribution. Within this package, a gap is defined as the difference between two contiguous velocities, weighted by the distances of these velocities with respect to their average. We considered only normalised gaps larger than 2.54 since, by considering a random sampling of a Gaussian distribution, such gaps appear only in less than 1.4% of the cases, independently of the sample size. We found four significant gaps indicated by continuous (3.88, 0.05% of the cases), dotted (3.25, 0.10% of the cases), dashed (2.59, 1.4% of the cases) and dot-dashed (2.57, 1.4% of the cases) arrows in the lower panel of Fig. 11 . We underline that those gaps are found by using all the 134 galaxies in the sample, but identical results are obtained considering only 126 galaxies.
Using the results of the weighted-gap analysis we divide galaxies into into five groups and we apply the 1D KMM. From the maximum likelihood statistics, however, we found that a mixture of five Gaussians do not give a good description of the data (45.7% c.l.).
Then we divide galaxies in four groups and we apply the 1D KMM, but from the maximum likelihood statistics, we found that the data can be described as a mixture of four Gaussians at only 89.7% c.l. On the other hand, from the maximum likelihood statistics we found that a mixture of three Gaussians is the best description of the velocity distribution (at 98.4% c.l.). In the upper panel of Fig. 11 we plot the velocity distribution of galaxies with, superimposed, the three Gaussians corresponding to the three identified clumps. The most prominent gap detected by the rostat package is between the clumps 1 and 2 identified by the KMM algorithm. Using the one dimensional KMM algorithm we assigned the member galaxies to individual groups (n 1 =16, n 2 =102, and n 3 =16 members at mean redshift z 1 = 0.1988, z 2 = 0.2090, and z 3 = 0.2172) and we estimate the velocity dispersion of σ v1 = 323
+52 −49 km s −1 , and σ v3 = 289 +57 −54 km s −1 (see Fig.11 ) for each clump. We note that the old sample of 112 member galaxies did not allow us to associate galaxies to the less populated substructures and then to obtain a reliable estimation of their velocity dispersions. , and the dotted Gaussian indicating the best-fit single Gaussian function to the velocity distribution. Lower panel: stripe density plot. The arrows indicate the positions of the three significant gaps in the velocity distribution of member galaxies (see Beers et al. 1991) . Figure 12 shows the spatial distributions of the three clumps. Differently from the results of our first paper, we find no evidence for spatial segregation for the three clumps, according to the two-dimensional Kolmogorov-Smirnov test (hereafter 2DKS-test; cf. Fasano & Franceschini 1987 , as implemented by Press et al. 1992 ).
3D substructures
In order to check for the presence of substructure, we combined velocity and position information by computing the ∆-statistic devised by Dressler & Schectman (1988) . This test is sensitive to spatially compact subsystems having an average velocity and/or a velocity dispersion different from the global mean quantities. We found a value of 198 for the ∆ parameter, which gives the cumulative deviation of the local kinematical parameters (velocity mean and velocity dispersion) from the global cluster parameters. The significance of substructure was checked by running 1000 Monte Carlo simulations, randomly shuffling the galaxy velocities, obtaining a significance level of 99.8%. This indicates that the cluster has a complex structure. In Fig. 13 we plot the member galaxies marked by circles whose diameter is proportional to the deviation δ of the individual parameters (position and velocity) from the mean cluster parameters. We confirm with this larger sample the results of the previous paper. In particular, a group of galaxies with high velocity in the external East cluster region and another group near the cluster centre could cause the large values of δ.
We also underline that we obtain a value of 199 for the ∆ parameter with a significance level of 99.9%, by considering only the 126 galaxies selected with the shifting gapper method.
Since the technique by Dressler & Schectman does not allow a direct identification of galaxies belonging to the detected substructure, we apply the three dimensional version of the KMM test using simultaneously galaxy positions and velocities. We use the galaxy separation obtained in the 1D analysis as first guess of the 3D analysis. The algorithm fits a three-group partition at 98.6% c.l., with a galaxy distribution similar to those obtained by the 1D analysis (n 1 =16, n 2 =108, and n 3 =10 members). On the other hand the 3D KMM fits a four-group partition at 100.0% c.l., with a partition similar to those obtained in the gap analysis performed with the rostat package (n 1 =16, n 2 =32, n 3 =29, and n 4 =47 members).
However, this test seems to be too sensitive to changes in the initial conditions, in fact with a particular choice of the initial group partition it is possible to obtain a separation into two groups significant at 98.0% c.l. 
STRUCTURAL PROPERTIES OF EARLY-TYPE GALAXIES
Structural parameters
We derived the structural parameters, namely half-light radius, r e , average surface brightness inside r e , µ e , and Sersic shape parameter, n, in the R and K band for a large sample of galaxies belonging to ABCG 209.
Structural parameters were derived for galaxies in the R-, and K-band, by using the 2DPHOT package (La Barbera et al. 2008) .
We considered the sample of spectroscopically confirmed cluster members, complemented with the galaxies having photometric redshift in the range of 0.14 − 0.26 (see Sect. 3.2). We found that for Structural parameters were derived for galaxies with R < 21.0 mag and K < 17.5, i.e. the limits of spectroscopic observations, leading to a total sample of 327 galaxies. Numerical simulation were performed in order to check the reliability of the derived structural parameters, finding that the typical errors were δ(logr e ) ∼ 0.14 and δ(< µ e >) ∼ 0.55 on the effective radius and surface brightness respectively.
Structural parameters were derived by fitting galaxy images with seeing-convolved Sersic models. The point-spread functions (PSFs) were derived locally from the stars in the R and K images and were modelled by a sum of 2D Moffat functions, also taking into account deviations of stellar isophotes from circular symmetry.
Details on the different aspects of the derivation of structural parameters may be found in La , (2003a), (2003b) and (2008).
The structural parameters are given in Table 3 for the whole sample of 327 galaxies with photometric and spectroscopic redshifts. We remark that this constitutes so far the largest sample of (optical plus NIR) structural parameters of galaxies belonging to one cluster.
Kromendy relation and Photometric Plane
ETGs define a remarkable correlation between the effective radius r e and the mean surface brightness < µ e >, known as Kormendy relation (KR, Kormendy 1977):
< µ e > = α + β logr e .
In order to study the Kormendy relation (hereafter KR), we selected the population of spheroids on the basis of the shape of the light profile, as parameterised by the Sersic index n. We classified as spheroids the galaxies with n > 2, corresponding to objects within a bulge fraction greater than ∼ 20% (see Saglia et al. 1997; van Dokkum et al. 1998) . Moreover, 17
and 54 objects in R and K-band respectively, with small radii were excluded by selecting only galaxies with r e greater than 1 pixel.
Again, we point out that the present samples constitute the largest data set of galaxies belonging to one cluster for which the KR is obtained. In fact 240 and 227 galaxies are identified as spheroids in R and K band respectively, with spectroscopic redshift or photometric redshift in the range 0.14 − 0.26 (see above).
Since selection effects can strongly affect the estimate of the KR coefficients (see Ziegler et al. 1999) , we fitted the logr e -< µ e > sequences by introducing a modified least-squares (MLS) procedure (see La Barbera et al. 2003b) , which corrects the bias due to the different completeness cuts in magnitude of each sample. The fitting coefficients were derived by applying the bisector regression (see Akritas & Bershady 1996) . The difference in the zero points is fully consistent with the colour R-K of galaxies, according to the CM relation (Fig. 9 ).
The slope of the KR in R band is fully consistent with that derived in La Barbera et al. For what the K-band KR is concerned, our slope is fully consistent with that found by La Barbera et al. (2004) for the galaxies in the cluster A2163B at z∼0.2.
The structural properties of early-type galaxies define a plane in the three-dimensional space (logr e , logn, < µ e >), the so-called PHP (see Graham 2002 and references therein) :
We derived coefficients of the PHP by using the corrected orthogonal weighted leastsquares fit (La Barbera et al. 2005 ). This method, treating equally all the variables, gives much more robust estimates for the coefficients of the PHP and is less sensitive than others to selection effects.
The distribution of galaxies in the space of structural parameters is shown in Figs. 15 and 16, for R and K band respectively. We show the distribution of galaxies in the logr e − < µ e >, logn− < µ e > and logn−logr e planes, and an edge projection of the plane. Galaxies follow a well-defined PHP at z= 0.2, with Sersic indices that increase towards lower surface brightness values and larger effective radii.
In Table 4 we report the coefficient of the PHP for R and K band. The coefficients of the R-and K-band PHP are consistent (at 1σ) with those obtained by La Barbera et al. (2005) for the cluster MS 1008 at z∼0.3 and by Graham et al. (2005) for nearby clusters, confirming that PHP seems to be independent of redshift.
The intrinsic dispersion of the PHP
In Table 4 we showed that the PHP has a small intrinsic dispersion (σ The dispersion about the PHP could be due to the combined effect of age, metallicity, and also α/Fe enhancement, that cannot be distinguished only with the colour-magnitude relation. For this reason it is crucial to use line strength to address this issue.
In order to distinguish between the contribution of age, metallicity and α/Fe enhancement, we compared the line indices obtained in Mercurio et al. (2004) with the residuals of PHP. We analyse a subsample of 83 and 91 ETGs, in R and K band respectively, for which we have these measurements. In particular we use H β , [MgFe] ′ (Thomas et al. 1986 ) and Mgb/<Fe>, as the best indicators of age, metallicity and α/Fe enhancement, respectively (see also Puzia at al. 2005 ). We perform a least-square fit on the data, obtaining -0.051±0.461 and -0.261±0.705 for the age and metallicity correlation slopes, while for the α/Fe we obtain 0.702±0.258. This suggest that the chemical evolution of galaxies could be responsible for the intrinsic dispersion of the PHP, as argued by La Barbera et al. (2005) .
SUMMARY AND CONCLUSIONS
In order to study the internal dynamics of the rich galaxy cluster ABCG 209, we have analysed spectra for a total sample of 148 galaxies in the cluster region, of which 134 are candidate cluster members having z∼0.209. In a previous paper we investigated the dynamical status of this cluster, selecting 112 galaxies belonging to the cluster ). We complement the previously described dataset with medium resolution spectra for 29 new cluster galaxies. We also re-observe 22 cluster members contained in the already available data sets. The enlarged data sets allow us to better distinguish among galaxies belonging to different substructures, to derive their individual velocity distributions and to study possible spatial segregation.
We extend the existing optical (B, V and R bands) photometry with K-band observations which allow us to estimate reliable photometric redshifts (δz/1 + z 0.07) for 399 galaxies brighter than R=21 mag in the cluster field and to derive the NIR LF.
The Schechter function provides a good description of cluster galaxy counts, with α = This observational scenario confirms that ABCG 209 is presently undergoing strong dynamical evolution with the merging of two or more subclumps, in agreement with the recent detection of a radio halo (Giovannini et al. 2006) . On the other hand, there are discrepancies between the dynamical, X-ray and lensing analyses. While Smith et al. (2005) and Zhang et al. (2007) found no evidence for multimodality in the dark matter distribution and subclumps in the XMM data respectively, an irregular X-ray morphology was identified by Rizza et al. (1998) with the Eastern clump detected by Rizza et al. (1998) . Since these two detected clumps are close to each other, probably the absence of evident subclumps in the XMM-Newton data is due to the limited spatial resolution of this instrument. Smith et al. (2005) suggest that this discrepancy could be related to time evolution and that sufficient time has elapsed after the merger. However, as also pointed out by Smith et al. (2005) , numerical simulations suggest that both gas dynamics and substructure in the dark matter distribution may persist as long as ∼5 Gyr after a cluster merger, and that the relaxation time for these two matter components may be comparable. Moreover, the detection of a radio halo (Giovannini et al. 2006 ) supports a recent merging event. In fact numerical simulation indicate that the mergers could generate strong fluid turbulence, supplying energy to the electrons, which then radiate in the interstellar medium of radio halos, but the time during which the process is effective is ∼10 8 yr (Feretti 2007) .
In independent lensing analyses of the optical CFHT images, Paulin-Henriksson et al. The clumps are not spatially segregated so they would not be separable in the dark matter maps which measure only the projected mass distribution, and the combined contribution of the secondary clumps is expected to be much lower than that from the primary one.
We have derived structural parameters of galaxies in the R and K bands in order to obtain the Kormendy relation and the Photometric Plane for ABCG 209, based on a total sample of 240 and 227 spheroids in optical and NIR, respectively. Spheroids define a tight sequence in the plane of the effective parameters with a slope β ∼ 3 in both bands. This slope of the KR is fully consistent with that derived in La Barbera et al. (2003b) for a smaller (N=81) and shallower (R<20.1) sample of galaxies in ABGC 209, thus confirming that the R-band KR is invariant in the redshift range from z=0.023 to z=0.64. For what the K-band KR is concerned, our slope is fully consistent with that found by La Barbera et al. (2004) for the galaxies in the cluster A2163B at z∼0.2.
The cluster ETGs at z∼0.2 follow a tight correlation among log r e , < µ > e and log n,
with an intrinsic dispersion of ∼0.17 dex in both optical and NIR wavebands. This dispersion is fully consistent with that found by La Barbera et al. (2005) for the cluster MS1008 at z∼0.3 and Graham (2002) for ETGs in nearby clusters.
In order to investigate the origin of the intrinsic scatter of the PHP we have analysed the PHP residuals versus line-strength indices. We compare the line indices obtained in Mercurio et al. (2004) with the PHP residuals of member galaxies for a subsample of 83 and 91 ETGs, in R and K band respectively. In particular we use H β , [MgFe] ′ (Thomas et al. 1986 ) and Mgb/<Fe>, as the best indicators of age, metallicity and α/Fe enhancement, respectively (Thomas et al. 1986 , Puzia at al. 2005 ). The PHP residuals do not correlate with age and metallicity, while there is a correlation with α/Fe enhancement (Fig. 17 ). This could imply that the scatter of the PHP is due to variations in stellar population parameters, in particular it could be due to variations in the chemical evolution of early-type galaxies brought about by their merging histories.
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